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Clinical concern about maternal fever
during labor has largely been related to the
possibility of infection. Although it has been
assumed that fever during labor is usually
secondary to infection, a recent study sug-
gested that for women with low-risk full-
term pregnancies, much of the fever that
develops during labor may not be infectious
in origin but rather a consequence of the use
of epidural analgesia.' A number of studies
have demonstrated an increase in maternal
temperature or higher rate of fever associated
with use of epidural analgesia. 1-6Epidural
analgesia has also been linked to an
increased risk of cesarean delivery and
assisted vaginal delivery.7,8 A number of
studies have reported that rates of cesarean
delivery are at least twice as high in women
who have received epidural analgesia as in
women not receiving it.9'3 This higher rate
of cesarean deliveries is related specifically
to an increase in failure to progress.'3 A
higher rate of assisted vaginal delivery has
also been consistently reported to be associ-
ated with epidural analgesia.8 Several large
studies have shown a 4-fold increase in
assisted vaginal delivery associated with
epidural use in nulliparous women.'4"15

We conducted this study to determine
whether temperature elevation developing
during term labor is a risk factor for cesarean
delivery and assisted vaginal delivery and
whether the increased occurrence of temper-
ature elevation among women receiving
epidural analgesia might be one reason for
the higher rates of cesarean delivery and
assisted vaginal delivery observed with
epidural use.

Methods

The base sample for this study com-
prised the 1934 nulliparous women enrolled
in the active management of labor trial con-

ducted at Brigham and Women's Hospital,
Boston, Mass, from May 1990 through
October 1994. Approval for the study was
obtained from the Human Research Com-
mittee of Brigham and Women's Hospital,
and all participants provided informed con-
sent. Study participants were low-risk nulli-
parous women. Women with conditions
associated with an increased risk of preterm
or cesarean delivery (such as multiple preg-
nancy, diabetes, cervical incompetence, or
pregnancy-induced hypertension) were ineli-
gible. Overall, 64% of eligible women were
enrolled in the study. Women enrolling were
randomly assigned to have their labor man-
aged under a protocol of active management
of labor or were assigned to usual care. The
active management of labor protocol speci-
fied the criteria for the diagnosis of labor, the
timing and dose of oxytocin, and use of one-
to-one nursing throughout the course of
labor. Epidural analgesia was not part of the
trial protocol but was administered to women
in both groups upon request. Active manage-
ment of labor did not alter the rate of
cesarean delivery. A complete description of
the study methodology and results has been
published elsewhere.'6

The current analysis included women
from both the active management and usual
care groups but was limited to women with
singleton, term pregnancies with infants in a
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cephalic presentation and the spontaneous
onset of labor resulting in live-born infants
(n = 1303). Women were excluded if they
were diabetic (n= 3) or had a herpes infec-
tion (n = 4), if maternal temperature was
never recorded (n = 30), or if maternal tem-
perature was elevated (>99.5°F) at admission
(n = 31). Two women were also excluded
because the birthweights of their infants
were not recorded. After these exclusions,
1233 women remained.

All maternal temperatures recorded dur-
ing labor were abstracted from medical
records. Most maternal temperatures were
assessed orally, and the few axillary tempera-
tures were increased by 1P to adjust for dif-
ferences in site of measurement. Maximum
intrapartum temperature was initially classi-
fied into the following 4 categories: (1) no
temperature elevation (99.5°F [37.5°C] or
lower), (2) 99.6 to 100.40F (37.6 to 38.00C),
(3) 100.5 to 101.0°F (38.1 to 38.4°C), and
(4) higher than 101.0°F (38.4°C). Women in
groups 2 through 4 were combined for some
analyses and referred to as women with tem-
perature elevation.

Rates of cesarean delivery and assisted
vaginal delivery according to the presence of
maternal temperature elevation were deter-
mined. Assisted vaginal delivery was defined
as the use of forceps or vacuum. Indication
for cesarean delivery was as recorded in the
medical record. Crude rate ratios (RRs) and
95% confidence intervals (CIs) for the asso-
ciation of intrapartum temperature elevation
with cesarean delivery were calculated.

Because all comparisons were similar in the
usual care and active management groups,
the groups were combined to increase the
precision ofthe study.

Most temperature elevation in our popu-
lation occurred among women receiving
epidural analgesia for pain relief. The associ-
ation between temperature elevation and
method of delivery was therefore investigated
separately for women with and without
epidural analgesia. We examined the rate of
cesarean delivery overall and according to
length of labor. We compared rates with the
X2 test or the Fisher exact test, which was
used when the expected value in any cell was
less than 5.

Logistic regression analysis was used to
examine associations, with control for con-
founding factors. Adjusted odds ratios (ORs)
were calculated from the regression coeffi-
cients, and 95% confidence intervals (CIs)
were calculated from the standard errors of
these coefficients.

Results

Overall, 1233 women were included in
the analysis, of whom 301 (24.4%) devel-
oped a temperature higher than 99.5°F after
admission to the labor and delivery unit.
Among the women with a temperature eleva-
tion, 175 had a maximum temperature of
99.6 to 100.4°F, 63 developed a fever of
100.5 to 101.0°F, and 63 developed a fever
higher than 101.0°F. The characteristics of

the study population according to maximum
maternal intrapartum temperature are pre-
sented in Table 1. Women who developed a
temperature higher than 99.5°F had some-
what larger babies and longer labors but
were similar to women without temperature
elevation with regard to age, race, insurance
coverage, and the occurrence of premature
rupture ofthe membranes.

The occurrence of neonatal infection
was rare regardless of maternal temperature.
There was only 1 infant with documented
sepsis (maternal temperature of 102°F), and
there were 3 babies with pneumonia (2 cases
in which the maternal temperature was not
elevated and 1 in which the maternal temper-
ature was 100.5°F).

The rates of cesarean delivery and
assisted vaginal delivery were higher for
women whose maximum intrapartum tem-
perature was elevated (Figure 1). The rate for
cesarean delivery was 7.2% with a maxi-
mum temperature of no greater than 99.5°F,
while the rate for women whose temperature
rose above 99.5°F was 25.2% (RR = 3.5,
95% CI = 2.6, 4.7). Similarly, the rate for
assisted vaginal delivery was 8.5% among
women whose temperature remained at
99.5°F or lower but 25.2% among women
whose temperature rose above 99.5°F
(RR = 3.0, 95% CI = 2.2, 4.0).

In our term, low-risk population, the
majority of cesarean deliveries were per-
formed because of failure to progress; only
2% of women had cesarean deliveries
because of fetal distress. This rate was similar

TABLE 1-Characteristics of Study Population According to Maximum Intrapartum Temperature: Brigham and Women's
Hospital, Boston, Mass, 1990-1994

<99.50F 99.6-1 00.40F 100.6-101 .0°F >101 .0°F
(n = 932) (n = 175) (n = 63) (n = 63) pa

Demographic characteristics
Mean maternal age, y 30.2 30.5 30.2 30.1 .91
Welfare recipient, % 4.4 4.6 3.2 4.8 .97
Maternal race, % .70
White 73.9 78.9 74.6 77.8
Black 12.9 9.1 9.5 12.7
Other 13.2 12.0 15.9 9.5

Pregnancy and labor characteristics
Mean birthweight, g 3402 3477 3536 3586 .0002
Length of labor, h, % .001
0-6 37.0 4.6 4.8 4.8
6-12 47.4 42.9 23.8 25.4
12-18 12.8 37.7 38.1 38.1
>18 2.8 14.9 33.3 31.8

Premature rupture of membranes, % 18.0 21.7 25.4 17.5 .36
Treated with active management of labor, % 53.3 36.0 28.6 34.9 .001
Parenteral pain medication, % 64.3 61.7 68.3 55.6 .42
Epidural analgesia, % 49.8 85.1 96.8 98.4 .001

aFrom analysis of variance for comparisons of means and from x2 tests for comparisons of categorical variables.
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regardless of the level of temperature eleva-
tion. In the group with assisted vaginal deliv-
ery, only 6 women (3.9%) carried a diagnosis
of fetal distress; none of those women had an

elevated temperature. Because the proportion
of women with fetal distress was low, the
associations we report between intrapartum
temperature and method of delivery reflect
differences in the rates of failure to progress,

defined as either lack of progressive cervical
dilatation or lack of descent of the fetal
head.'7 In addition, because there was no

monotonic trend in the occurrence of
cesarean delivery or assisted vaginal delivery
according to level of temperature elevation,
all women whose temperature rose higher
than 99.5°F were combined into a single
group for the remaining analyses.

In our population of term, nulliparous
women, almost all temperature elevation
(90.4%) occurred among women who
received epidural analgesia. Among women

who received an epidural (n = 736), 37.0%
developed an elevated temperature, as com-

pared with 5.8% of women who did not
receive an epidural (n = 497). We therefore
examined the association separately among

women who received and did not receive
epidural analgesia. Intrapartum temperature
elevation was associated with at least a 2-
fold increase in the rate of cesarean and
assisted vaginal delivery both with and with-
out the use ofepidural analgesia (Table 2).

Because fever is much more likely to
occur with longer labors among women with
epidural analgesia,' we examined the data to
determine whether the increase in cesarean

deliveries and assisted vaginal deliveries
associated with fever might be the result of a
longer length of labor among women devel-
oping an elevated temperature. We found that
at each length of labor, women with an

epidural and elevated temperature had a

higher rate of cesarean delivery and assisted
vaginal delivery than women with an epidural
and a nonelevated temperature (Figure 2).

A logistic regression analysis was then
performed to evaluate the association of
intrapartum fever with cesarean delivery and
assisted vaginal delivery after adjustment for
the confounding effects of birthweight, treat-
ment with active management of labor,
epidural use, and length of labor. A tempera-
ture higher than 99.5°F was associated with
a 2-fold increase in the risk of both cesarean

delivery (OR = 2.2, 95% CI= 1.5, 3.4) and
assisted vaginal delivery (OR = 2.1, 95%
CI = 1.4, 3.1). In that regression, epidural
remained a predictor of both cesarean deliv-
ery (OR= 2.0, 95% CI = 1.2, 3.4) and
assisted vaginal delivery (OR= 3.9, 95%
CI = 2.2, 6.7). These odds ratios represent the
increased risk that remains after both the
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FIGURE 1-Method of delivery according to maximum maternal intrapartum
temperature.

longer labors and the intrapartum tempera-
ture elevations consistently associated with
epidural use have been taken into account.

Discussion

Our data suggest that modest tempera-
ture elevation developing during labor is a

risk factor for cesarean and assisted vaginal
delivery. Term, nulliparous women in sponta-
neous labor and afebrile at admission who
developed a temperature higher than 99.5°F
during labor were 3 times more likely to
require a cesarean delivery (25.2% with tem-
perature elevation, 7.2% without temperature
elevation) or assisted vaginal delivery (25.2%
with temperature elevation, 8.5% without
temperature elevation). While 24.4% of
women developed a temperature higher than
99.5°F, 53.1% of cesarean deliveries and
49.0% of assisted vaginal deliveries occurred
in that group. In a multiple logistic regression
analysis adjusted for potential confounding

factors, including length of labor, women
with an elevated temperature remained about
twice as likely to require a cesarean delivery
(adjusted OR = 2.2) or assisted vaginal deliv-
ery (adjusted OR= 2.1).

While 90.4% of women with elevated
temperatures had received analgesia, the
association of fever with both cesarean deliv-
ery and assisted vaginal delivery was present
regardless of whether women received or did
not receive epidural analgesia. The higher
rate of fever associated with epidural use has
been attributed to alterations in thermoregu-
latory functions,'25'18,19 a hypothesis sup-
ported by the increase in fever among
women randomized in clinical trials to
receive epidural analgesia.'2'20 In addition, in
our population, women receiving epidural
analgesia did not have a higher mean admis-
sion white blood count (no epidural: 13 500/
gL/mm3; epidural: 12 500/L/mm3), and
admission temperature was similar (98.1°F)
for the epidural and no epidural groups. This
suggests that the excess cesarean and
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TABLE 2-Cesarean and Assisted Vaginal Deliveries According to Temperature
Elevation and Epidural Use: Brigham and Women's Hospital, Boston,
Mass, 1990-1994

No Temperature Temperature Crude Rate Ratio
Elevation Elevation (95% Confidence Interval)

Epidural
No. of women 464 272
Cesarean delivery, % 9.9 26.1 2.6 (1.9, 3.7)
Assisted vaginal delivery, % 14.0 26.5 1.9 (1.4, 2.6)

No epidural
No. of women 468 29
Cesarean delivery, % 4.5 17.2 4.6 (1.6,13.1)
Assisted vaginal delivery, % 3.0 13.8 3.8 (1.6, 9.5)
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FIGURE 2-Method of delivery according to length of labor, intrapartum
temperature elevation, and use of epidural analgesia.

assisted vaginal deliveries among women
with an elevated temperature who received
epidural analgesia were most often not
related to the presence of infection. In con-
trast, intrapartum temperature elevation
among women without an epidural may be
more likely to be of infectious origin.

In our population ofterm, low-risk nulli-
parous women, both cesarean delivery and
assisted vaginal delivery were largely related
to failure to progress (defined as failure to
dilate during the first stage of labor or failure
of fetal descent during the second stage).'7
During the first stage of labor, failure to
progress results in cesarean delivery. If failure
to progress occurs during the second stage of
labor, however, assisted vaginal delivery may
sometimes be an alternative to cesarean
delivery.

Chorioamnionitis has been reported as
a risk factor for cesarean delivery2'-24 and,
specifically, for failure to progress.'8 Given
our finding that the rate of cesarean deliv-
ery is also higher with epidural-related
fever (which is likely to most often be of a
noninfectious origin), it may be that the
increase in cesarean deliveries observed
with chorioamnionitis is related to fever
rather than to some other aspect of the
infectious process. Because the manifesta-
tions of the febrile response may be uni-
form regardless of the initiating factor,25 it
is plausible that epidural analgesia can trig-
ger at least some of the same physiologic
events that occur with infection. For exam-
ple, higher levels of serum interleukin-6
during labor have been reported among
women receiving epidural analgesia.26

As with all studies, it is not possible to
rule out residual confounding. However, for
an unknown confounder to be responsible for
the association we have observed, it would
need to have an association with cesarean and
assisted vaginal delivery at least as strong as
the association between temperature elevation
and cesarean delivery.

Since temperature elevation was much
more common with epidural analgesia (37%
with epidural, 6% without), the association of
temperature elevation with cesarean delivery
may be one reason for the higher rate of
cesarean delivery observed with epidural use.
Temperature elevation alone, however, does
not completely explain the higher rates of
cesarean delivery and assisted vaginal deliv-
ery observed among women receiving
epidural analgesia. In the multiple logistic
regression analysis we performed, epidural
analgesia was still associated with about a
2-fold increase in cesarean delivery and an
almost 4-fold increase in assisted vaginal
delivery, even though the model controlled
for both the longer length of labor and the
elevated temperature that probably resulted
from the use ofan epidural.

Epidural analgesia is commonly used
for pain relief during labor. A recent study
indicates that in the United States, approxi-
mately 40% to 45% of women receive
epidural analgesia for pain relief during
labor.27 That rate is likely to be higher among
nulliparous women. Epidural use has been
associated with higher rates of cesarean and
assisted vaginal delivery in a number of stud-
ies. Our data suggest that the temperature
elevation that is associated with epidural use

may in part explain the higher rates of
cesarean and assisted vaginal delivery. Given
the widespread use of epidural analgesia, we
believe that it is essential that firther study
be conducted to determine whether treatment
or prevention of fever during labor represents
a practical means of lowering rates of
cesarean delivery and operative vaginal
delivery. Such studies should examine both
cesarean delivery and assisted vaginal deliv-
ery, because management of the second
stage may vary across institutions and may
change over time. El
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